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PREFACE
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Hoppe, Mr. Darrell E. Spreen, Mr. H. George Pringle, and Mr. David P.
Vanarsdail at The BDM Corboration. The Project Officer was Major Jerry
D. Wilcox (AFWL/PGA).

/i1



I

PROGRAM SUMMARY

To briefly sunmarize the Laser System Reliability Program, there
are four areas of significant contributions to the reliability effort.

First, a HEL reliability prediction methodology was developed which
includes some ncﬁ concepts in the areas of statistical analysis as
applied to rolllbifty modo]lng. The methodology is general enough that
it can be applied to any HEL system of interest. Both the physical
description and the failure data base can be easily modified to accom-
modate both changes in physical configuration such as redundancies and
deletion or addition of components, and changes in the failure data used.
The mathematics of the reliabilty calculation are a modification of a
classical statistics approach developed in 1972, The technique synthe-
sizes a pseudo-number of trials and successes for a conceptual HEL system
based upon existing part failure rates. A synthesis technique is neces-
sary because the HEL system under investigation is nonexistent. Thus,
reliability inferences must be drawn based on existing data. |In addition,
the approach can be used to calculate confidence intervals for the reli-
ability point estimates. The technique can handle a system of any com-
plexity and requires no sophisticated computer programs for evaluation.

Second, some preliminary reliability point estimates and their
assoclated lower 95 percent confidence bounds were calculated for three
HEL systems based upon the physical system description and the failure
data base acquired.

Third, methodologies were developed to consider cost and effective-
ness as they apply to reliability of a conceptual system. An original
marginal cost/marginal benefit analysis was developed to combine the
costs and benefits due to LCC and availability producing a net marginal
cost function from which the optimal relliability is derived (zero net
marginal cost). A simplified combat effectiveness mode! was ccnstructed
to relate reliability to a measure of effectiveness such as exchange
ratio. The effectiveness function along with the net margina) cost
function are the inputs used in the reliability optimization. .

igasterling, R. G. 'Approximate Confidence Limits for System Reliability,"

Journal of the American Statlistical Assoclation, March 1972.




Fourth, a reliability apportionment methodology was developed which
considers both the criticality of parts and components and the budgeting
of reliabilities among the subsystems and components to achieve the -
reliabllity objective defined in the optimal reliability decision process.
A FMEA (Falilure Modes and Effects Analysis) was developed which was a .
modification of one developed by the SAE (Society of Automotive Engineers)?.
A criticality number was derived from the FMEA which Identifies the
importance of a subsystem or component assuming a fallure has occurred
(i.e., It separates criticality issues from reliabliity issues). Finally,
a technique was developed to aid In the relliabillity apportionment among
any combination of subsystems or components.

2perospace Recommended Practice (ARP 926), "Design Anslysis for Fallure

Mode, Effects and Criticality Analysis,'* SAE, September 15, 1967 (see

ggp:nd::; 557:;«»“! for LSR, B0M Corporation, BOM/A=75-4S8-PRP-0141, ‘
pr : :
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SECTION I
INTRODUCT ION

A.  LASER SYSTEM RELIABILITY PROBLEM

Reliability considerations are Important Inputs to the RED stage of
the weapon system acquisition cycle since they provide necessary inputs
to comparative analyses, cost/benefit trade-offs, and system simulations.
In addition, the DCP (Development Concept Paper) and the DSARC (Defense
Systems Acquisition and Review Council) require relliability considera-
tions to support the management declision at the Secretary of Cefense
level. The Air Force Weapons Laboratory has begun a reliability analysis
effort which is designed to meet the above requirements and to provide
insights into the strengths and weaknesses of the available failure data
base and system description. The first phase of this reliability pro-
gram was to develop a set of methodologies addressing reliability and
such related factors as 1ife cycle cost and combat effectiveness.

The remainder of this chapter addresses the following topics:

(1) Presentation of the relationship between reliability and the

management of a HEL weapon system acquisition.

(2) ©rief descriptiun of the LSR (Laser System Reliability)

contract effort,

(3) Definition of terms used in the development of the technical

approaches, and

(8) Roadmap to direct ths reader through the rest of this report.

8. RELIABILITY INTERACTION WITH MANAGEMENT

This section describes how reliability, in a general sense, plays
into the overall development of an optimally designed HEL weapon system.
From this description a better appreciation will be developed for the




ways in which reliability considerations impact costs, benefits, and
management decisions. Figure 1 presents an overall flowchart of how the
reliability, cost, and benefit considerations provide critical inputs to
the HEL Management Program, and how the HEL Management Program in turn
drives toward the goal of generating the Optimal HEL Weapon System
Design. : '

The central horizontal thrust of figure | begins with the HEL
Baseline Design and ends with the Optimal HEL Waapon System Design.

This Baseline Design may be a conceptual design such as that derived
from Cycle IV or from the SRAT (Short Range Applied Technology) Program.
The HEL Hanagénont Program will probably reside in different places as
the acquisition matures. The HEL Management Program provides the
decision making force which drives the system from a baseline design to
the optima) design. The LCC (Life Cycle Cost), Avallability, and Combat
Effectiveness considerations which flow into the HEL Management Program
perform various analytical tasks which define the costs and the benefits
of reliablility changes. These three factorﬁ. when taken together,
provide the HEL Management Program with a reliability goal which is
optimized for combat effectiveness, availability, and LCC.

The Reliabllity Model provides the reliability Inputs to these
three cost/benefit analyses. The Reliability Model, In turn, is con-
structed by consideration of the next higher level factors. These
factors include the generation of a Functional Block Diagram, a Reli-
ability Block Diagram, a Fallure Data Base, and the statistical Con-
fidence Bounds on the reliability Point Estimates.

Thus the structure flowing into the HEL Management Program from
above performs the function of analyzing the system trade-offs with
respect to reliabllity to determine a reliablllity goal for achieving the
optimal design.
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The level flowing into the HEL management Program from below
distirbutes the reliability changes among the HEL subsystems or com-
ponents. If a system is composed of a number of subsystems, it would
be desirable to put a reliability goal on each of those subsystems, or
on the appropriate combination, to achieve the total system reliability
goal,

The Subsystem Reliability Apportionment has two inputs. The first is a
set of Design Guidelines which defines the engineering techniques which
are avallable for achieving increased reliabllity. The second is a
Criticality Ranking system which ranks each of the subsystems In terms
of its criticality to the entire HEL system assuming that a failure of
that subsystem has occurred. This acknowledges the fact that fallures
of some subsystems have much more serlious repercussions on the HEL
system than do fallures of other subsystems.

Looking at the flowchart as a whole then, one can see three main
thrusts. The first Is the thrust towards an Optimal HEL Weapon System
Design which is driven by the HEL Management Program. The second thrust
from above determiries the rellability goal which optimizes the Combat
Effectivensss, Avallability, and Life Cycls Cost of the system and
serves as an input to the HEL Management Program. This reliability
objective is the product of a system analyst whose task Is to answer the

" question, '"What is the reliabllity objective which optimizes the system?"

.The third thrust from below provides the necessary inputs for determining

‘how the reliability goal can be accomplished. These Inputs are developed

by the system designer whose task Is to answer the question, '"How can |
achieve this reliability objective?"

The entire process outlined In figure | Is not a one-step pro-
cess, but requires a considerable degree of iteration for It to function

‘effectively. Thus, the system analyst may be required to porfbrm e

number of analyses based upon complicated options presented by the
system doslgndf. Even more significantly, the HEL program manager may
require several Iterations of the reliabllity goal and the reliabllity
apportionment before he Is satisfled that the overall HEL mission Is
best served.

Figure 1, then, demonstrates the importance of the reliability
function in the design of a compiete weapon system. It shows how the

3

SNt

<
=

oy



wei1boig Juawabeuey JIH YIIM suojIdelaju} Algliqel|ay | 2anbyy

DMINNYY NN
ALY LIND e
LBAUINEO
LNFNNDI LY OddV ABHIY
ALNEVITIY 100 MONH..
IR0 SNILEAT
.1*.\
~ABALLINDOD
o LV
11SATVINY SRELLSAS

-
.




rellability considerations directly influence the cost and benefit con-
siderations, and how these in turn influence the HEL Management Program
whose goal is to achieve an optimal weapon system design. Other studies
have concluded tha} early consideration of rellablility In a weapon sys-
tem acquisition cycls can save significant amounts of LCC and also
increase the effectiveness and the availability of the force.? This
reliabllity awareness must begin very early in the acquisition cycle so
that system design options will not be precluded.

C.  LASER SYSTEM RELIABILITY PROGRAM

The LSR contract was a k-month effort which addressed the major
areas which both influence, and are influenced by, reliability. This
inltial effort was specifically oriented toward developing reliabllity
methodologies rather than toward performing complete rellability analy-
ses with accurate numerical predictions. Thus, the development of tech-
niques for a wide range of reliablility considerations was emphasized.

A reliability model was developed and a sufficliently detalled fallure
data base was established to allow application of the mode! to the three
principal HEL systems under consideration: the GOL (gas dynamic laser),
the CL (chemical laser), and the EDL (electrical discharge laser). Then
’ methodologles were developed for treating the Interactions of reli-
ability with such closely related factors as 1ife cycle cost and combat
effectiveness. This philosophy has resuited In a study with an extremely
wide scope, but with a very low level of detall. Figure 2 shows a
flouchirt of the three tasks In this contract.

3upormant Operations and Storage Effects on Electronic Equipment and
Part Reliabllity," RADC-TR-66-348, Contract AF 30(602)-3772, October

1966.
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TASK ) TASK 2 TASK )i
NEL SYSTEM AELIABILITY PREDICTION OTHER RELIADILITY
OLSCRIPTION NETHODOLOGY FACTORS
©  SYSTEM BREAKDOWM © AELIABILITY BLOCK DIAGRAN ® RELIABILITY OPTIMIZATION
©  FUNCTIONAL BLOCK DIAGRAN 184 © RELIABILITY EQUATION =51 - LIPE CYCLE COST
- AVAILABILITY
® FAILURE DATA SaSL - COMBAT EFFECTIVENESS
& POINT ESTIMATES © RELIADILITY APPORTIONMENT
©  CONFIDENCE BOUNDS - DESIGN GUIDELINES

= CRITICALITY RANKING

Figure 2. LSR Task Flowchart

Task | was.to accurately describe a conceptual HEL system which
would be used for a SRAT mission (l.e., the kind of system which more
closely approximates a weapon system rather than a laboratory system).
This physical system description decomposed the HEL system Into three
major subsystems: the laser device or beam generator, the BCO (beam
control optics), and the FCS (fire control system). The laser devices
described were the GDL, the CL, and the EOL. These five subsystems were
then further decomposed into the components and finally to the part
level of detall." The resultant FBD (functlonal block diagram) shows
how all of these subsystems and components interact with each other to
generate the three HEL systems.

Task 2 was to develop a reliabllity prediction methodology. First,
an RBD (rellability block diagram) wes developed, the purpose of which
was to show the fallure relationships among subsystems and components so
that the effects of a fallure could be readily traced through the HEL
system, Next, a failure data base was developed. The msjor sources of
this data base were the GIDEP (Government Industry Data Exchange Program),
the RADC (Rome Air Development Center) Non-Electronic Reliabllity Note-
book, a variety of open |iterature publications and Government reports,

“The definitions of the terms ''system,'’ "subsystem," ''component,'* and
‘‘part" are very important to the understanding of the approaches devel-
oped later; so these terms are concisely defined In section D of thls
chapter.




and various internal documents at the ARTO (Advanced Radiation Tech-
nology Office).

Then the rellabllity equation was derived for each of the subsys-
tems, thus defining five reliability functions in terms of the component
reliabilities. This set of rellability equations, along with the tech-
nique for generating the reliability estimates from the fallure data
base, constitutes the actual reliability model. The reliability model
was then applied to the three HEL systems to calculate reliabllity point
estimates for each one. In addition, the statistical confidence bounds
of the reliabllity estimates were calculated.

Task 3 was to develop methodologies for the consideration of a
number of Iimportant reliability related factors. These factors were
divided into two parts: (1) the reliability optimization, and (2) the
reliability apportionment.

The reliability optimization was performed by analyzing the costs
and the benefits attributed to changes in reliability of the HEL system.
A methodology was developed to use historical LCC data for previous
weapon systems in order to determine the sensitivity of LCC to reli-
ability. The benefits were docomposcg into two parts: the dollars

saved from force reduction due to availability incresse with an increase
in reliability, and the exchange ratio increase due to increased combat
effectiveness as a result of rellability increases.

The reliability apportionment was partitioned into three parts.
The first was to identify specific design guidelines, that is, engi-
neering methods for increasing system reliability. The second was
to perform a criticality ranking which could be applied to the sub-
systems or components, thus ranking them in order of importance to
the HEL system shouid a failure occur. Third, & reliabllity appor-
tionment technique was developed which assists in budgeting the
optimal reliability goa! among the various subsystems and components.

¥ 5o pr BN T
¥ s "’*‘6




D. DEFINITIONS

The hierarchy of levels of the physical system breakdown plays an
.important role in the total understanding of the methodologies to be
described in detail in later chapters cf this report. Thus, it is

advisable here tu define these levels for future reference.

NUMBER OF
ELEMENTS IN
LEVEL EXAMPLE THIS LEVEL
System HEL I
Subsystem Beam Control System )
Component Servo-Hydraulic Drive 91
Part Hydraulic Pump 273
In addition, the following acronyms will be used throughout the report:
ARTO Advanced Radiation Technology Office
ALL Airborne Laser Laboratory
BCS Beam Control System
CL Chemical Laser
EDL Electrical Discharge Laser
ER Exchange Ratio
FBD Functional Block Diagram
FCS Fire Control System
GDL Gas Dynamic Laser
HEL High Energy Laser
LSR Laser System Reliability
LCC Life Cycle Cost
LWS Light Weight System
RBD Reliability Block Diagram
SRAT Short Range Applied Technology



ROADMAP

The remainder of this report will discuss the following items:

(1

(2)
(3)

Development of the methodologies including:

a) Functional block diagrams

b) Model and failure data base

c) Reliability optimization

d) Reliability apportionment

Conclusions derived from the technical effort.
Recommendations.




SECTION II
PHYSICAL SYSTEM DESCRIPTION

A.  INTRODUCTION

This chapter presents the physical system description that was used
to describe the HEL system prior to the construction of the rellability
model itself. This chapter includes the resulits of task | as It was
outlined in chapter |. The end product of the task was a functional
block diagram of a HEL weapon system. These functiona® block diagrams
are presented along with the reasons why certain choicns were made In
their development.

B. PHYSICAL SYSTEM DESCRIPTION

Although the functional reliabllity of a HEL system is the ultimate
objective of this study, one must approach this objective by investigat-
ing the reliablilities of the individual subsystems, componrents, and
parts. One cannot perform the analysis on functions because functions
are abstract and can be performed by more than one set of'physlcal
components. The functional rellabllity depends upon which unique set of
components |s chosen to perform the function. For example, the threat
ascquisition function can be performed by the pilot with a pair of bin-
oculars or by a phased array radar system. Obviously, the functional
rellability (l1.e., the reliabllity of the acquisition function) depends
heavily on which of the two techniques is used. Thus, one must first
transfer the function into & physical system description used to achleve
that function and then consider the reliabllities of the Individual
subsystems, components, and parts. These reliabilitles can then be
combined to yleld the rellabllity of the function.

The technique of physical component breakdown may be further com-
plicated by the additional requirement of correspondence between the

10




physical components and the functions. Ideally, one would desire that a
particular function be uniquely related to a particular fixed set of
physical components. |f a single component contributes to more than one
function, then the task of determining that component's rellability
relative to each function becomes potentially very difficult.

In this study, this problem was avoided altogether by the judicious
choice of functional and component breakdowns. One requirement was that
there be a one-to-one correspondence between a function and a set of
components. Secondly, the Interfaces among components, either within
the same function or betwesn two different functions, were carefully
chosen, both to be realistic and to minimize the practical and mathe-
matical problems associated with both defining and operating with the
reliabilities of intercomponent functions. Thus, the physical component
description was constructed considering the constraint that this one-to-
one correspondence between components and functions had to be maintained.
For this reason, the functional block diagrams resulting from the study
are ldentical to the physical system descriptions.

The structure of the physical system description is presented In
figure 3. This figure shows the four levels of the breakdown that
were defined in chapter |.

C. FUNCTIONAL BLOCK DIAGRAMS

Since the HEL system Is quite complex, a separate FBD was prepared
for each subsystem (i.e,, there are five F8D's: GDL, CL, EDL, BCS, and
FCS). These five FBD's are presented in figures 4 to 8. These FBD's
represent a logica] breakdown of the subsystems at the component level.
Due to constraints in the fallure data base, however, the complexity
of each component is not reflected in %he component breskdown of parts.
The ultimate parts breakdown would probably show the BCS and the FCS
to have a larger number of parts than sny of the beam generating sub-

systgm.
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The system configurations presented In these figures are the
results of conversations with individuals In each of the subsystem
areas. Table | presents the sources of the FBD data. In addition
to these personal contacts, a number of AFWL and ASD reports were
examined. .

The configurations of the subsystems were chosen to be representa-
tive of a SRAT mission. Thus, It was desired that the system look more
like a weapon system than like a laboratory system. Since the SRAT sub-
systems are very conceptual at this point, many of the components in the
subsystems are very uncertain. In addition, many of the components are
very mission dependent. Since this mode! is to have broad application,
the attempt was made to Include any components for any mission that
might be performed by SRAT. Then certain components can be deleted from
the FBD for application to a specific mission.

The level of detall of the functional block diagrams was dictated
by three constraints:

(1) Completeness of the conceptual designs.

(2) Completeness and applicabllity of the fallure data base

avallable.

(3) Resources avallable under the contract effort.

It will be seen from the discussion of the failure data base in chapter |!!
that the availability of failure data was the principal constraint

leading to the termination of the physical system description at the

parts level. This level of detail Is not seen In the functional block
diagraems presented in this chapter, however the parts level |s presented
in chapter 111,




TABLE 1..

GENERAL

GOL

EDL

cL

8CS

FCS

SOURCE/CONTACTS FOR FBD DATA

MAJ. JERRY D. WILCOX

OR. STEVE G. HADLEY

MR. JACK COLBERT (PRATT & WHITNEY)
MR. MIKE McHALE (ROCKETDYNE)

LT. COL. PETER D. TANNEN
MAJ. FRANK S, ZIMMERMAN
MAJ. RICHARD C. OLIVER
CAPT. GEORGE W. MAYES

OR. LEROY E. WILSON
CAPT. JOMN O'PRAY
CAPT. LARRY D. BUELOW

LT. COL. RONALD F. PRATER
LT. COL. R. DALE NEAL
MAJ. KEN C. JUNGLING
MAJ. OREST R. GOGOSHA

MAJ. DAVID G. NEALE
CAPT. RANDALL D. GOOFREY
CAPT. JOHN E. ACTON
MR. DAVE B. LEMMING (ASD)
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SECTION III
RELIABILITY PREDICTION METHODOLOGY

A.  INTRODUCTION

This chapter presents the reliability prediction methodology used
to gensrate reliability point estimates from the FBD. The methodology
includes the construction of the RBD, the assembly of a fallure data
base, and the calculation of lower confidence bounds on the poiat
estimates. Results of the mode! application to the GDL, CL, and EDL sys-
tems are presented, and the fallure criteria are discussed.

B. RELIABILITY BLOCK DIAGRAM AND MODEL DEVELOPMENT

A Reliability Block Diagram was generated directly from each FBD.
The five RBD are shown in figures 9 through 13. A reliability equa-
tlén is presented for each subsystem. The five subsystem reliabili-
ties are denoted g.(R), gg(R), 9. (R), g4(R), and g (R) for the GOL, EOL,
CL, 8CS, and FCS, respectively, where R Is a vector whose components are
the component reliabilities which comprise the subsystems. The subsystem
rellability is thus related to the point estimates, ij, of each of Its
components through this relationship. Each of the three HEL system
reliabllities will be denoted GG(R). GE(R). and GC(R). respectively, for
the GDL system, the EOL system, and the CL system. The G(R) are con-

Gy (R) = [gG m] [g, m] [’_"(R)]
G (R) [slc (a)] [o,‘,(n)] [9,(10] (€a. 1)
Gg(R) = Ea,m] [g, m] [g,m]
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Since the fallure data base, which was assembled to determine these
RJ, was composed only of failure rates (i.e., number of fallures per lo6
part-hours of testing), It was necessary to assume an exponential fallure

distribution to calculate RJ as follows:
R =6 ] (Eq. 2)

where A is the fallure rate and t Is the time period over which survival
is desired. The ij is the probability of survival of the j-th component
for the time period t. If the fallure history (i.e., actual times-to-
failure) were recorded in addition to the fallure rate in the fallure
data base, a more realistic distribution could be used to describe
fallures of the component. However, the exponential Is the only distri-
bution which can accommodate a constant failure rate with no additional
assumptions. Therefore, the use of the exponential distribution was )
dictatea by the type of fallure data avallable.

As indicated above, the complete reliablliity model s simply the
combination of the g(R)'s for each subsystem and the ij's for each
component in that subsystem. The HEL system rellabllity estimate, G(R),
is the product of the appropriate subsystem g(R)'s, since the subsystems
are serially connected.

C. DATA BASE ASSEMBLY

A general search of hardware rellabllity data banks led to several
sources of data. The most useful appesrs to be the NRN (Nonelectronic
Reliability Notebook), which resulted from efforts funded by Rome Alr
Development Center, and the GIDEP (Government Industry Data Exchange
Program) failure rate data bank. In addition, some data have been
obtained from Hughes, Rocketdyne, Garrett, and the AFWL's APT Fallure
Log. These sources present fallure rate data In different formets, and
much of the dats analysis effort wes centered on screening the data for

26




applicability and on applying statistical methods to reduce the various
types of data to a common format (i.e., fallures per milllon part-
hours). The SOR was also investigated as a possible source of data,
however, the SOR records would not allow transformation to the required
format.

A number of telephone ‘contacts were made with such crganizations as
ASD, AFAL, AFLC, and SPO's; however, no useful Information or data
resulted from these inquiries. Other sources of data explored were
government documents and open literature. These were examined first by
scanning the NASA Abstracts as far back as 1961. A few documents of
general Interest in reliabllity and cost analysis were uncovered, however
none of them had any significant applicablility to the Laser System
Rellability problem.

In addition, a Work Unit Summary/Report -B8ibliography at the Secret
level covering 10 years was requested from DDC. The request was for
relfability data, OR failure data, OR acceptance test data for sach item
of a list ofﬁ'so HEL components. Unfortunately, reliabllity, failure, or
acceptance test dats was found for only a few of the Items; however none
of the documents contaln Information useful to the present scope of the
effort. . s

The data base assembled for the HEL system Is presented In appendix
B. Since the NRN and GIDEP were the principal sources of data, the
decision was made to represent the components of the R8D by as many of
the NRN or GIDEP parts as seemed applicable based on engineering judgment.
This approach was selected because the data available at the component
level was very sparse, was of suspect applicablility, and did not begin
to adequately reflect the complexity of each component. The approach
taken puts the burdovn. of the ultimete system description on the available
data base rather than allowing the system description to dictate the
data requirements. This approach generates a much more realistic and
satisfying mode! application in the short run, since it at least provides
roprcuntitlvo values of reliabllity for analysis. In the Iong_ run,
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however, it is much more beneficial to generate the successive Increases
in mode! detall based upon engineering considerations rather than on
data avallability considerations. The major advantages of the engineer-
ing approach are: (1) it points out data deficiencies so that test data
generation can be directed more efficiently, and (2) the accuracy of the
mode! application will ultl'tutoly be greater. '

0.  FAILURE CRITERIA

The definition of falilure i3 ldeally performed Independently of
data base constraints. In this case, however, the failure criteria
identification required a degree of definition and understanding of the
physical system which could not be achieved because the system Is not
sufficlently well defined to al'ow an accurate identification of the
relationships of part and compcnent performance parameters to HEL system
output parameters. For example, ideally one would determine the relation
of the performance characteristics of a turbo pump to the output character-
istics of the HEL system. Then turbo pump fallure would be defined as
the point where the var'tation of turbo pump performance caused fallure
of the HEL system. Since this degree of analysis was precluded by the
conceptual nature of the HEL system, we were forced to make two Important
assumptions concerning fallure definition: (1) the fallure criteris
of a part were taken to be those assumed by the failure test designer,
(2) the fallure of any component was assumed to cause fallure of the
subsystem and, consequently, thd system,

The cqnuquonéo of the first assumption i3 that the assembled data
base defines HEL system fallure independent of engineering considerations
of pirfonbnco effects. An alternative approach to the second assumption
might be to isolate certain components whose Individual fallure would
not cause iystn fallure but whose cumulative fallure would ultimately
cause system fallure. ‘ﬂnn one .eoul'd construct the rellabllity block
diagram such that a fallure of any three of six components, for example,

28
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would produce subsystem fallure. This approach was not taken becuuse it
required more insight into the engineering and performance relaticaships
among the components than was immediately avallable. . _

In summary, then, the fallure criteria are as follows. A part
fails If the fallure data base indicates fallure. A component fails If
any part fails. A subsystem fails If any component fails (with the few
exceptions shown In the reliability block diagrams). The HEL system
falls If any subsystem falls.

€. MODEL APPLICATION

The fallure rate data in appendix B was applied to the reilability

mode| by using equation 2 to generate the point estimates of ﬁ. to
be used in the g(R)'s and the G(R)'s. Since each of the subsyitoms

(e.g., GOL, BCS, and FCS) are in series, the g(R)'s in that MEL system
are simply multiplied together as shown in equation |. The component
reliability estimates are tabulated in table 2, the subsystem and
system rollabli!ty estimates in table ) and the composites for. the
three HEL systems are plotted in figure 1k,

Table 3 shows the equivalent MTBF's assuming the systems and
subsystems actually experienced the pseudo-number of trials and successes
calculated according to the rellability synthesis technique and assuming
the systems and subsystems obey an exponentia! fallure distribution.
These equivalent MNTBF's are presented only to give & feeling for the
magnitude of the reliabilities and are not a legitimate product of the
analysis.

" The lower 95 percent conflidence bounds are calculated according to
techniques developed in section F of this chapter. Since the confidence
bounds are statistical measures of the confidence in the rellability
calculations, they should not be Intarpreted as implying anything about
the confidence in thp HEL system Itself. The major sources of the wide
variation in the lowsr confidence bounds are: (1) the amount of fallure
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TABLE 2.

30 SEC

0.9999670
0.9999957
0.9999946
0.9999947
0.9999994
0.9999424
0.9999977
0.9999918
0.9999991
0.9999977
0.9999801

0.9999658
0.9999670
0.9999957
0.9999987
0.9999424
0.9999977
0.9997818
0.999999!1

0.9999946
0.9999994

0.9999956

" /999301

0.9999977
0.9939977
0.9999843
0.9997818
0.9939987
0.9939957
0.9999670
0.9999983

30

COMPOSITE RELIABILITY ESTIMATES BY SUBSYSTEM

1 HOUR

0.9960408
0.9994894
0.9993506
0.9993677
0.9999280
0.9931033
0.9997273
0.9741471
0.9998938
0.9997235
0.9976129

0.9959030
0.9960408
0.9994893
0.9998480
0.9931033
0.9997273
0.9741471
0.9998938

0.9993504
0.9999280
0.9994737
0.9976129

0.9997246
0.9997246
0.9981 144
0.9741471
0.9998480
0.9994894
0.9960408
0.9997912

(page 1 of 2)
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TABLE 2.

COMPOSITE RELIABILITY ESTIMATES BY SUBSYSTEM

30 SEC

0.9999979
0.9999947
0.9999942
0.9999975
0.9999801

0.9999943
0.9999964
0.9999774
0.9999889
0.9999906

0.9998856
0.9999801

0.9997860

3

1 HOUR

0.9997514
0.9993677
0.9993084
0.9997235
0.9996970
0.9976129

0.9993143
0.9995690
0.9972<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>